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TECHNOLOGY CONSIDERATIONS IN EHF SATCOM SYSTEMS
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FORD AEROSPACE AND COMMUNICATIONS CORPORATION
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ABSTRACT

Millimeter wave systems have had a 20 year development period starting with the pursuit
of radio astronomy in the 1950’s to the mm-wave satcoms of the 1980’s. This paper traces
the developments of both mm-wave technology and satcom systems to both the present
NASA ACTS system and the developing military mm-wave satcoms.

INTRODUCTION

The question is often asked, “Are mm-wave systems just around the corner?” The fact is
that mm-wave systems were actually born in the 1950’s when radio astronomers first
searched for cosmic radio emissions at frequencies above 18 GHz. Table 1 lists many of
the subsequent driving forces to the development of modern mm-wave systems.

The first major mm-wave communication system was the guided mm-waveguide system
which was born at the Bell Telephone Laboratories in the mid 1950’s. This system used a
special waveguide lined with an internal helix and had a bandwidth from 20 GHz to over
100 GHz. It was developed in many countries of the world for heavy trunking applications
until it was superceeded by the advent of fiber optics in the 1970’s.

During the 1970’s, many other mm-wave systems were born. 18 GHz terrestrial radio
relay systems were developed in Japan, U.S., and the United Kingdom; electronic
countermeasures reached into the 40 GHz region; earth sensing systems used mm-wave
radiometers; military systems developed mm-wave radar for precision tracking and target
seeking to 94 GHz; and a crowning mm-wave development in the 1970’s was the launch
of the Japanese Communication Satellite CS on December 14, 1977 which exploited the
30 GHz and 20 GHz communication bands, using an extensive family of 30/20 GHz earth
stations and 60 Mbps TDMA developed in Japan. This communication satellite joined the
historic propagation experiments by NASA’s Louis Ippolitto with the ATS-6 satellite
which explored 30 GHz and 20 GHz; satellite links in the United States and led eventually
to the start of development of both NASA’s Advanced Communication Technology



Satellite (ACTS), and the military communication satellite, MILSTAR, in the United
States in 1983.

MM-wave satcom developments were also forthcoming in Europe with the development of
Italy’s SIRIO in the 1970’s with its 18/11 GHz transponders, and with the development of
Italy’s ITALSAT and European Space Agency’s L-Sat in the 1980’s with 30/20 GHz
transponders using SS-TDMA.

Japan’s second generation mm-wave communication satellites CS-2A and CS-2B were
launched in 1983 and became operational - creating the start of a mm-wave satcome era
which has given impetus to the development of many required technologies in Japan.

MILITARY AND COMMERCIAL MM-WAVE COMMUNICATION
SATELLITES

Commercial mm-wave satcoms have the advantages of large available bandwidth and the
use of relatively small antennas and are therefore attractive to dense traffic and high data
rate users. The rapid saturation of the geostationary arc by present and forthcoming
C-band and Ku-band satcoms over North America located in an arc region with a total
potential of around 1400 equivalent 36 MHz transponders, is creating interest in the
mm-wave frequencies as a means of escaping this saturation.

 Military users, after long exploitation of UHF with Fleetsatcom, and the 8/7 GHz
freqencies with DSCS-11, are also finding the use of a 44 GHz uplink and a 20 GHz
downlink very attractive because of ability to use mobile small antennas and also accrue
certain advantages of secure communications. As pointed out by Dr. Pravin Jain of DCA,
who led the move to the mm-wave military satcoms, anti-jam and low-probability-of-
intercept (LPI) considerations for the tactical users strongly favor use of higher frequencies
(e.g., 44 GHz) also on the the uplink. Relative comparison of the AJ/LPI performance of
mobile users in the UHF and EHF bands indicates that the potential for meeting the
postulated threats are far better at EHF than at UHF. Satellite anti-jam and LPI satellite on-
board processing may include: despreading, demodulation, decoding, and demultiplexing
of the uplinks; correspondingly coding, modulation, and spectrum spreading on the
downlink. The extent of onboard processing, however, needs to be carefully balanced with
respect to system operational complexity and processor technology.

Figure 2 provides a comparison of the basic characteristics of a commercial type (ex:
ACTS) satcom and a candidate military type satcom, illustrating key differences in
capacity.



Satellite on-board processing was first experimentally tested on the highly successful
LES-8 and LES-9 satellites which operated in the 34 and 36 GHz bands in the late 1970’s.
These satellites were also the first to demonstrate Ka-band satellite-to-satellite
communications in space.

THE MM-WAVE SATCOM SYSTEMS AND REQUIRED TECHNOLOGIES

Figures 3, 4, and 5 illustrate representative earth station and satellite transponder systems
which are candidates for various mm-wave satcom systems. Figure 3 illustrates an earth
station which uses mm-wave antennas, low noise amplifiers (LNA) and high power
amplifiers (HPA) in addition to frequency synthesizers which have been developed at
L-band for use with military frequency hopped systems. The February 1982 issue of
Microwave Journal contains an excellent up-date on new agile synthesizer developments
in the 1 - 1.5 GHz frequency bands.

Figure 4 shows the basic “bent pipe” satellite transponder which, in mm-wave satcom
requires an LNA, filters, and a power amplifier such as a TWT. Figure 5 shows the signal
routing and processing transponder of the NASA ACTS satellite which introduces RF
switching, and demodulation, FEC, baseband routing and remodulation - all between fixed
and scanning antenna beams. This satcom, in 1988, will provide a major step forward in
communication satellite systems, i.e., a switchboard in the sky.

Some of the required mm-wave technologies to implement these mm-wave satcom systems
include the following:

• scanning and multiple beam antennas for the space craft. Tracking and precision
surface antennas for the earth segment.

• low noise amplifiers in both space and ground to provide the required figure of merit
G/T with the antennas. These low noise amplifiers include FET amplifiers and low
noice mixers.

• power amplifiers in both space and ground segments to provide, with the antennas,
the required effective radiated power, EIRP.

• the filters which channelize the frequency band. Dual-mode elliptical filters have
now been developed for use up to 30 GHz. Contiguous multiplexers too are now
being used in mm-waves.

• frequency hopping synthesizers are in advanced stages of development for mm-
wave FSK systems using new surface acoustic wave (SAW) filter development.



• modulation systems for QPSK and MSK have been developed for data rates up to a
gigabit, and mm-wave direct frequency modulatiors and demodulators have been
built in integrated circuit form.

• voice and video signal processing has undergone a major revolution in the quest for
minimum bit rate representation of voice and video.

• Gallium arsenide and Indium phosphide are becoming key mm-wave component and
MMIC materials; and the development of monolithic GaAs mm-wave integrated
circuits and mm-wave LSI is experiencing considerable world-wide effort.
Monolithic Ga As IC’s are being given additional impetus by the development of
12 GHz direct broadcast systems.

LOW NOISE AMPLIFIER EVOLUTION

For many years, achieving sensitivity at any cost at millimeter waves was a primary
problem. Figure 6 shows how low noise amplifiers have developed over the years starting
with masers, and cryogenic paramps at 4 GHz for INTELSAT earth stations and at
mm-waves for radio astronomers in the 1960’s. However, the advent of the field effect
transistor, in the 1970’s has revolutionized low noise amplifier design, cost, and
availability at all frequencies up to 60 GHz and today a 3 db noise figure is obtainable with
a FET amplifier at 21 GHz - where a major costly paramp development was required only
a decade ago.

A CHRONOLOGY OF 20 GHz AMPLIFIER TECHNOLOGIES

Figure 7 illustrates the chronologies of four key 20 GHz mm-wave amplifiers; the 3 db
noise figure FET amplifier, the 10 watt FET power amplifier, the 20 watt IMPATT
amplifier, and the 30 watt and 75 watt TWT amplifier. As shown, all of these technologies
essentially “started out” at much lower frequencies at least a decade ago, spurred by
4 GHz requirements from INTELSAT and other satellites and from synergistic terrestrial
radio relay systems, and various military communication developments.

As shown, the advance of these technologies to the millimeter waves has resulted from an
orderly advance in technology developments resulting primarily from government
sponsored research in the United States, Candada, Japan and Europe.

As an illustration, the NASA ACTS satellite procurement has been preceeded by more
than three years of technology developments sponsored by the NASA Lewis Research
Center. These technology developments, leading to proof-of-concept models, has greatly
advanced the realization of each of the technologies shown in Figure 7.



VIDEO AND VOICE SIGNAL REPRESENTATION

A decade ago, a digital representation of the human voice ranged from 16 Kbps (military)
to 64 Kbps (commercial) and the digital representation of a video NTSC signal required a
data rate of almost 100 Mbps. During the last decade, a major assault has been made on
processing voice and video signal and as shown in Figures 8 and 9, the use of VLSI and
SLIC chips has produced digital representations of the voice at bit rates approaching one
kilobit, and of a color video signal at bit rates approaching one megabit. These low bit rate
representations of voice and video, along with computer outputs at bit rates from less than
one kilobit to 9600 bits, is making possible the development of military and commercial
integrated data, voice, video systems leading to the development of global integrated
services data networks (ISDN). This move to efficient digital systems, along with new and
improved modulation systems, will increase the attractiveness of mm-wave communication
systems for both military and commercial communications.
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FIGURE 1: DRIVING FORCES TO THE USE OF MILLIMETER
WAVE SYSTEMS

• RADIO ASTRONOMY
• RADAR
• RADIOMETERS
• PRECISION TARGET SEEKERS
• ELINT
• SECURE COMMUNICATIONS
• ELECTRONIC COUNTER MEASURES
• TACTICAL WEAPON SYSTEMS
• EARTH SENSING (REMOTE) SYSTEMS
• ATMOSPHERIC MEASUREMENTS
• GUIDED MM-WAVEGUIDE SYSTEMS
• 20 GHZ TERRESTRIAL RADIO SYSTEMS
• 40 GHZ TERRESTRIAL RADIO SYSTEMS
• EXPERIMENTAL SATELLITE COMMUNICATIONS (ATS-6,COMSTAR,

ETS-2,LES 9/9)
• COMMERCIAL SATELLITE COMMUNICATIONS (CS-2A,L-SAT, SIRIO, ACTS,

ITALSAT)
• MILITARY SATELLITE COMMUNICATIONS (MILSTAR)



FIGURE 2:  COMPARISON OF THE BASIC CHARACTERISTICS OF
MILITARY AND COMMERCIAL COMMUNICATION SATELLITES (ACTS

COURTESY OF NASA)

ITEM MILITARY NASA ACTS PROGRAM

FREQUENCY 44/20 GHz & UHF 30/20 GHZ

TERMINAL CAPACITIES #16 KBPS 1-500 MBPS

TERMINAL TYPE MOBILE FIXED

SYSTEM CAPACITY <1 MBps 4-10 GBPS

AVAILABILITY .98 .995-.9999

RAIN COMPENSATION FIXED MARGIN FEC, POWER
AUGMENTATION & SITE
DIVERSITY

ACCESS FDMA UP/TDMA TDMA

SPECIAL PROCESSING
FOR ANTI-JAM
AND LPI

SPREAD SPECTRUM
FREQUENCY HOPPING,
ANTENNA NULLING

NONE

SWITCHING AND
NETWORK CONTROL

FEW NUMBER OF
CIRCUITS VIA SAT.
BASEBAND PROCESSOR

20x20 IF SWITCH
MATRIX WITH 100,000
CIRCUIT CAPACITY
60,000 CIRCUITS VIA SAT.
BASEBAND PROCESSOR

FIGURE 3: BASIC EHF EARTH STATIONS



FIGURE 4:  BASIC “BENT PIPE” SATELLITE TRANSPONDER

FIGURE 5:  SIGNAL ROUTING AND PROCESSING TRANSPONER OF THE
NASA ACTS EHF COMMUNICATION SATELLITE (COURTESY OF NASA)



FIGURE 6:  LOW NOISE AMPLIFIER EVOLUTION

FIGURE 7:   THE CHRONOLOGY OF FOUR BASIC AMPLIFIER
TECHNOLOGIES FOR MILLIMETER WAVE SATCOMS



FIGURE 8: EVOLUTION OF VIDEO SIGNAL REPRESENTATION

FIGURE 9:  EVOLUTION OF VOICE SIGNAL REPRESENTATION


